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FORCED  MOTIONS  CF  ELASTIC  RODS 


Stat&r-er.t  of  Frcbl.es 

Kr,  approximate , one -<d  towns  icn&l , theory  of  vibrations  of  robs  (l)1, 
in  which  the  effect  of  redial  inertia  or.d  radial  ihear  deformation  are 
taxer  into  account,  is  contained  in  tre  equations  of  motion 

- 4a.xf\ur’  ♦ 4clR  - ?a.lii 

2a\u.'  + o}  (\+ Z/x)v +la.Xm  $<xl&  ^ 

the  *ir**s»^!ifpl*stsemt  relations 

Z ® 2 fj  a x,2L2.a.(A*/0^ 

lPt  » 2aXu  * a?  (\+ 2m)v'  [3] 

4 0 * x^1  ju.  u.' 

the  hr-itsUry  o*diU«w» 

1,  At  *enh  psirrt  altssj  the  Im-ftfc  &f  the  t*r»  as*  pMfbil*  of  ea^h  of 
the  product#  lift  aad  fch2  saat  ba  reaolfled. 

2,  At  *acb  and  of  the  bar  on*  saber  af  each  of  the  products  ulQ 
and  if  PJ  suit  b*  «p*oifi*d. 

and  the  initial  ««idi'-iop* 

The  Initial  diiplae*afcots  and  valoeltlM  suit  be  rpsel-fiad.  (A.) 


1.  Nuabers  in  parentheses  rafer  to  the  Bibliography  at  the  ead  of  th# 

paper. 
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In  [1]  to  [4]  the  symbols  have  the  following  meanings: 

lame's  constants  of  elasticity 
density 

radial  and  axial  displacements,  respectively 
radius  of  the  rod 

radial  and  tangential  components  of  traction,  respec- 
tively, on  the  cylindrical  surface  of  the  rod 
correction  factors 

rod-stress  components,  defined  in  (1) 
differentiation  with  respect  toB,  the  coordinate  along  the 
axis  of  the  rod,  and  dots  indicate  differentiation  with  respect  to  time. 

The  object  of  this  paper  is  to  describe  the  development  of  a formal 
solution  of  the  above  equations  for  a rod  of  finite  length,  t , and  any 
admissible  combination  of  time-dependent  boundary  conditions  and  arbitrary 
initial  conditions. 

The  solution  will  be  developed  by  making  use  of  Lagrange's  equations 
of  motion 


A,  yu 

f 

a , ur 
CL 

R ,2 

A , X, 

P,,a 

Primes  Indicate 


A.  /_?_!  } __  + lY 


where  T is  the  kinetic  energy  of  the  mechanical  system  considered,  V is 
the  potential  energy,  Cfe  is  the  n-th  generalized  coordinate,  the 

n-th  generalized  velocity,  and  Qn  the  n-th  generalized  force.  As  a con- 
venience in  specifying  the  boundary  conditions,  the  following  notation  will 
be  employed : 
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at 
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kh 

or 
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2 • 

£ 

Accordingly,  the  boundary  conditions  [3]  become 

B.  * f (fc)  L ® I,  l , 3 , 4 

in  which  the  four  functions  f (f)  its  praseribedi 

The  initial  conditions  [4]  are  specified  by  the  four  arbitrary 
function i 

Li  (3,0  ) « U.«,CO 
W (2 , 0 ) * 

LL  (3,  0 ) - U„  (2) 

l>  (2,  0)  - W*  (2) 


The  fora  of  the  kinetic  energy  of  the  rod  nay  be  obtained  by  per- 


■■^SSS’  " 

[4'j 


forting  the  expropriate  integration?  in  the  expression  of  the  kinetic 


energy  in  terr.s  of  the  general  three— iirensior.al  disolacenents . Thus,  in 
general,  the  kinetic  energy  is 


T“i 


. . 1 .2 


*;  ) + 


Cfc] 


-•here  Ur  » U#  , 9-re  the  components  of  displacement  in  cylindrical 

coordinates  and  this  integration  is  throughout  the  Tolune  of  the  rod.  With 
the  assussed  displacements  of  the  ene-dimensional  theory  (1),  which  were 


u#=  0 


u.i«  t) 


["1 


the  idhitia-  rtitrg?  ef  thi  mi  £»e®ei 

#jij  j.c¥^ * ^ 


di 


Farf  ersting  the  interpret  ions  with  reipecrfc  to  0 I?H  r » thflr'VoluHi  int#g«l 
ift  £8]  rtdacei  ts  & tinpl»  integral,  esctersded  evs? .tht  lirrgth  l ef  the  ml 


T< 


' Z ) 

0 


U,*  ‘ * 

T + 


Kra  ) oL, 


[9] 


Eo.t«Btlftl.EETg. 

Thi  potential  energy'  of  the  rod  i9  obtained,  similarly,  by  per- 
forming appropriate  integrations  in  the  general  expression  for  the 


potential  enerpy.  The  latter  i3 

where  the  integration  is  over  the  volume  of  the  rod  and 


7Ur. 
<Y  — 
rr  2 r 


O'  ( p 

O e.  \ r 


3U» 

30 


3U 

32 


*)-•] 


[10] 


[HI 


The  assumed  displacements  [7]  are  now  inserted  into  [11]  and  the  integrations 
are  performed  with  respect  to  r and  0 , thus  obtaining  an  expression  in 
terms  of  U.  » KT  , P.  , P , P and  Q . Use  of  the  stress-displacement 
relations  [2]  reduces  the  result  to 


t 

% ([2(vy*)u2 

Q 


2xauK U,Z]  oil  tl2-j 


For  the  sake  of  simplicity,  the  correction  factor  X,  has  been  set  equal  to 
unity. 


Enn-Jiari&gM 

As  a preliminary  to  the  study  of  forced  vibrations,  we  shall  be  con- 
cerned with  the  problem  of  free  vibrations,  specified  by  the  homogeneous 
differential  equations  of  motion 

a1  8(A.+yu)u.-  4aX.nr’  - fa'cl 

Z a X u.’  + a*  <;  a1  w-  t » j 

and  homogeneous  boundary  conditions 

B.-0  i-  1.2, 3,  V [ 14 J 
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Considering  solutions  in  the  fora 


u,  (2,  t)  * U (z)  sin  co  t 

[15] 

KT  (2,  t)  = W (t)  Sin  cot 

ve  may  shoe  that  the  equations  of  notion  [13],  together  with  the  boundary 
conditions  [ l4j  ♦ are  satisfied  for  ar.  infinite  set  of  disorete  frequenoies 
CJn  , eaah  of  which  corresponds  to  a rods  shape  given  by  functions  Ur  o> 
and  Wr  (2  ) i which  are  determined  except  for  a multiplying  f so  tor , ossr.on 
to  both  functions . 

7t, s kinetic  energy  of  the  rod,  vibrating  in  the  s»th  principal  !«de, 
is  , sooordlfig  to  [9]  > 

/ 

rn  ft)  - fcf  Ur'*  ty,‘)  dl  COS^t  tl4] 

0 

end  its  r*It»  is 

Tp„a,-  W 


SiKilorly t the  ssaxL'ttai  potential  rrtrgy  ef  the  rod  is*  fraa  [W], 


V 


sma< 


Ti{  [2(\yu.)Uf+  2\aU„Wj 

+ 2 ft**/*)  Wi’  + ^4^  ^ a 


[IS] 


Employing  the  principle  of  conservation  of  energy,  us  restate,  for  future 
reference,  the  well  known  relationship 

t = v ri' 

n ma*  " mo*  L 
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Tite-De.frendent  llsplacementa 


whenever  a number,  m , of  time-dependent  displacements  is  specified 
at  the  ends  of  the  rod,  ir.  a forced  vibration  problem,  it  is  convenient  to 
solve  rn  static  problems,  in  advance;  each  problem  being  governed  by  the 
equilibrium  equations 

CLX.lyU,ij"-  Q(K->/U.)U  - 4a.\H/'  * o 

r sol 

2alu'  + Cl  (K+lju)p"  - O 

The  boundary  conditions  ier  e*ah  static  problem  are  obtained  'ey  setting  one 
ef  the  tvo  end  displacements  equal  to  ’unity  and  letting  the  remaining  three 
conditions  bs  haaegeneoui.  For  rxispls,  if  the  bcwMary  conditions  of  the 
fsraed  vibration  crahlm  ere 

LI  (0,0  * f,(fe) 

% (0,t)  **  fs(t) 

Q(s,t)  ~ f,  (t) 

KT  (f,  0 * (t) 


then  m * 2 »rd  two  static  problems  have  t-o  t*  solved  i on?  vith  boundary 
conditions 

U,  ( O'  t ) = ' 

P,(o,0-  0 

0 0 " ^ [21 

HT  (2,  fc)  - O 
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and  the  other  with  boundary  conditions 


u.  ( O t ) = O 

p,  (O.  t)  = o 
Q((,t)  = o 
Hr  ( i ( t)  =*  I 


[2' 


171  static  solutions  u(2),  w(2)  , whiah  are  readily  obtained, 

will  be  denigrated  &iuC*)  ' » where  L f ts  m 

QtiW-al_Eor6gdJ?ib«.ti5ri_^5M« 


Ss*  talatise  of  the  gtnenl  forord  ri  brat-la  py&blaft,  g-pfeined  by 
C-^C T C"  ’*  [41]  win  la  ftfrgH  in  the  few  — 

a (M) « f 9tu  (2)  <i  co  + f u„ cs;  <*„  (t) 

*■  f*.  v " I 0i„  (2)  fi  W *f  K (e; 


[31 


ill  thi  ftiflrtteet  in  [31]  have  bets  intreduetd  in  presening  ws+ienij  srrd 
are  served  to  hare  been  determined,  with  the  •..eeptiaa  of  d^(fc)  , wbieh 
will  be  forcvl  frna  Lagrange's  aquatic*!  [5],  It  aheuld  be  noted  that  [23] 
aatiafiee  the  boundary  eesditisri  [3'j. 


Inserting  the  fortis  [23]  into  the  expression  [9]  for  the  Icinetio 
energy  T , we  obtain 

r[f  3-,„  \ * 1 t 4-,  ] 2 


[24 


[26] 


d_  3 T 
dt  a4n 


+ 


T 

n rna*  OJ* 


ufcert  uhs  has  beer,  -ad*  at  [17]  sad  ot 

f ( f 'd,.  Ut  + W?  Wt  ) dt  ^ Q i tit?  * [27] 

a 

1ft*  Ffli' ties  ship  [27],  uhiah  *srpr»*g*8  tbs  pForsFty  at  sTthogsRslity  at  'the 
prtfittipftl  afs5*»  of  frw  viferttiw,  car,  t*  c&taiwJ  te-  sutcti  toting  tits 
*fiv»d  tad  [15]  into  eiibfah'i  tbeotts  (?)  irwl  pww 


feminff  tft*  iTrt-tfPstlsni  with  ssrtpttrt  to  P tnd  • , Alt«ratJ¥iIyi  [t?] 
bn  ebtsift^d  trm  [13]  ami  [U],  uiieg  fttylsigh's  srUted  (4)« 

IftMrti®  at  th#  dirplas*wn7*  [23]  late  th«  msjWMiiieB  [12]  tsr  its 


potential  *tp«iR  trwtrgy  V yitldf 


o 


t 


*2  Xaf|  iJ. *2  u*%][i  Ct\? 


[23] 


3 

i 

1 


results  In 


Partial  differentiation  with  respect  to 

^ = 7r({4^^)|3  JU„ 


4 = 1 4W 


-r  2Xa  Z [9  f W ' + a f U 1 

+ a‘(X*2«)Z  &fX  3'u  f.  u„'}d2 


2 V. 


n wai 


[29] 


where  use  has  been  *ade  of  r 13]  arsd  of 

/ 

f[4  (A+m)  UfUs  + 2Xa  ( UrU/;  + us  w; ) 

0 

■+*  ( A+2/a)  et1  w;  U£’  t/r  Uy'  J da  **  O £t\  **  <as 

[30] 

which  states,  In  another  v*y,  the  erthtgoiaUty  preperty  of  the  prlBsipal 
•odes  and  cam  be  transfers*?!  to  the  relationship  [27]  fey  use  of  the  equa- 
tion! of  eotisn  [13], 

Referring  to  the  integral  in  [29],  the  priJMd  term!  say  be  integrated 
by  parts.  Then,  noting  that  (Jrt  , W^,  satisfy  [15]  and  [16] » while  <|ia 
satisfy  [23]  and  boardary  ooBditioen  of  ths  type  eweplified  by  [2-4]* 
we  arrifi  at 

/ ( 4 (>•'/“)  lu  U,  * 2xa (?iu  V„’+  U„  ) 

4-  (X,  l/)  a:9;,W,’  +^l3’;11  U„'  J di  - O 

[31] 

Thus,  the  integral  in  [29]  vanishes  and  we  find,  free  [29],  [31]  and  [19], 


-10- 


[32] 


3a  3 2<^n  '•'nma*  — 2cf, nT^rnax 
i n 

The  vanishing  integral  [31]  cart  also  be  used  advantageously  to 
simplify  the  integral  in  equation  [26],  Assuming,  temporarily,  the  largest 
possible  number  of  specified,  time-ds pendent  displacements  at  the  ends  of 
the  rod  ( m = 4)  'je  obtain,  by  partial  integration, 

P 

[1  q U + 2 2 

L «iU  PI  i « i * C W nJ 

[33] 

= fo„  <« ) - <?„  (<A>  - W - P,n  (e  >] 


where  and  are  tpaat-iert  produced  by  th#  displaenenta  of  d* 

trd  W.  » fetering  this  remit  irrto  [26],  ve  ebtaifi 

n 


d at 
dt 


Q„  Co)  + f]  P,„  (0)  - f]  Q„  W • t P»«  C«] 


1343 


the  gens  rallied  force  0H  in  [ 5]  , defined  as  th#  coefficient  of  the  increment 
&GU>  of  th#  graneriliied  ooordlnata  Cfo  , in  ths  ssrpressicn  for  the  worts 

, dona  by  th*  applied  physical  forces  in  the  displacement  produced  by 
OC^  , has  to  be  determined  on  the  basis  of  this  definition,  We  note,  at 
this  point,  that  rot  only  th#  Cy*  's,  but  also  the  m functions  f[  have 
to  be  regarded  as  generalized  coordinates.  Consequently,  Qn  will  not  be 
affeoted  by  the  presenoe  or  absence  of  any  of  the  functions  f.  . 
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Ar*  increment  produces,  aooording  to  [23]  the  inf initesiral 

dleplacer.ents 

cfu  - Un  cTc^, 

r w r M 

dKT  - Vp  cfy, 

The  work  cSV  , done  by  the  applied  forces  cn  the  surfaces  of  the  rod,  has 
been  derived  in  (1)  and  is 

f 

dW*  2Jio.j(R<du  + ZcS*r)cli 

<5 

r 

+2Jl[Q(e)du(t)  + fj(P)£n(e)  -<?(&) cfuflo)-  P7(p)dn-(o )] 

Considering  tha  largest  pesiible  ntis&af  sf  rpeeifird,  ti^-drpendent  forces, 
inserting  [55]  In  tha  above  expression  and  factoring  * w*  obtain  tha 

gaeerelieed  few*  Qr  (t) 

0 

*ir[^WU,(i?)*(;(/’3K(0-V(«)U,(o)-?(o)W'B(e)]  [37] 

Goaparlng  this  with  [36],  1*  sssn  to  ba  the  work  dsea  by  tha  applied 

rurfasa  tractions  in  the  diaplacaeanti  of  the  n-th  principal  «td*» 

Ir,  acoputing  ~y~“  , equation  (.34],  »•  hate  assuaed,  as  an 

extrane  case,  four  tioe-dependent  displacrsents  specified  at  tha  er*s  of 
the  rod,  ( m = 4).  CV.e  generalised  force  , aquation  [37],  on  tha 

other  hand,  was  derived  under  the  prasupposition  of  four  tirae^epsnder.t 
tractions  acting  on  the  ends  of  the  red,  ( no  = 0).  Now,  diaiaver  the 
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value  of  m . the  total  number  of  the  verms  in  the  bracket  of  [34]  and  in 


the  bracket  of  [37]  -.111 
to  define  four  quart* tie; 

always 

5 Ht 

be  four.  In  view 
* L = 1,  2,  3 1 4 1 

of  this,  it  is  convenient 
as  follows 

Or 

;’.TU„(0)Q(0} 

, according  as 

B,  - u 

or 

Q 

“H4«  ZJ*  ^ 

Cr 

2KW„(o)Pt(0) 

( according  as 

Ba  a kr 

Or 

or 

2TT  un(Tf;  Q4ej, 

according  as 

g3  0 U 

or 

Q 

or 

a c<s fending  as 

B4»  kr 

or 

p8 

Alas  define  the  quantity 

, i . r 4 

[2fraf(RU„*ZWI,)oli*/2Hi] 

**  'n  IK3«  L £ L*1  J 


Then  Lagrange 's  equations  [5]  berone 

% + aU«a  Q* 

The  general  integral  of  this  ordinary  differential  equation  is 

A 

<t„(0  = <V0S  4Jnt  + Snsm^c  + ± j g*  [t)Slh  COn  (t-  t)df 

<5 


[40] 


[41] 
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It  remains  to  determine  the  constants  of  integration  and  Bn  > em- 

ploying the  initial  conditions  [4'j.  At  t = 0 we  have 


u(!,o)-  | + 2t  a„u0 

<f>o 

•"■fto;  « f »4W  (!)  t (°)+t  s „ w„ 

/ *?  i R * I 


[42] 


4 ef 


In  riew  of  the  orthogonality  relationship  [27]  ue  multiply  the  first  of 
eqjAticms  [42]  by  |Ue  * the  seoond  by  W^.  » add  the  tvo  and  integrate 

mt 

both  sides  erer  the  length  of  the  bar, 
flolring  for  An  v*  obtain 

f * 

//f[vfgj»)  ^o;]un  }Wa 


A.-4 


8n  is  obtained  frae  the  third  a rd  fourth  of  equations  [41]  in  an  analogous 


:unnwr 


®r"  * 


nifo -J^u Mi®] 4 ^ ^ frl) <ide  [;,h] 


This  completes  the  formal  solution  of  the  problea. 
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TVie  author-id  she  s to  express  his  gratitude  to  Professor  R,  D.  y-Urdlin 
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Naval  Air  Materiel  Center 
Naral  Bee* 
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Argonue  National  laboratory 
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Attn i Dr.  W,  R.  Raaberg  (1) 
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Division  

Forest  Products  Eabora terry 
Madison,  Wisconsin 

Attai  L.  J,  Msricvardt  (1) 

Rational  Advisory  &*ri,ttee  for 
Aeronautics 
1754  F Street,  N.W. 
tftshiEgteet  0'S*  (1) 

Ratieatl  Advisory  Goaeittee  for 
Aeronautics 

Langley  Field , Virginia 

Attn  i Dr,  E,  Lunderuist  (1) 


CswsLrvdlng  General 
U.S.  Air  Forces 
The  Pentagon 
Washington  25,  D.C. 

Attn  i Research  A Development 

Division  (1) 


Rational  Advisory  Oceaitte#  for 
Aerocautios 

Cleveland  Municipal  Airport 
Cleveland,  Chio 

Attn  i J.  H.  Collins,  <Jr.  (1) 


CawMJviing  General 
Air  Materiel  C amend 
Uright-Pattersoo  Air  Force  Ease 
Dayton,  Chio 

Attn i MCREX-B  (E.  H.  Schwarts)  (1) 


0,5.  teritiBe  Casrission 
Technical  Bureau 
Washington,  D.C. 

Attn i Mr.  V,  Russo  (1) 
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^.STLt'i^Qtora  and  Other  Investigators 

Apt.lvaly_Engaged_.iri  related  H^aeargb 


Professor  J.  R,  Andersen 
Town#  School  of  Engir.t<sring 
University  of  Penney] vr.nl* 
Philadelphia,  Pennsylvania 


(1) 


Ur,  G,  F.  Carrier 

eradicate  Division  of  Applied  ^fathematica 
Sr own  Univareity 

ProviJenoe,  R-iode  Island  (1) 


Professor  Lynn  Beedle 

Mrs.  Hilda  L.  Cooper 

PtI ti  Engineering  Laboratory 

150  Ravins  Avenue 

Lehigh  University 

Yonkers,  New  York 

(1) 

Bethlehsa,  Pennsylvania 

(1) 

Dr,  Antoine  E,  I.  Grays 

Professor  C.  E.  Bi«2eno 

Neyrpia 

Teahnisohe  Hoogesohool 

Eoite,  rostale  52 

Niev*  Teen  76 

Grenoble , France 

(1) 

Delft,  Holland 

(1) 

Professor  J,  P,  Den  Rartoc 

Professor  K.  A,  Slot 

Hssssahti&ette  Institute  ef  Teehnoloay 

4*19  Jfroadoay 

Gesbridge  39,  Massachusetts 

(I) 

New  York,  Say  Yor^ 

(1) 

Dr.  Rerbert  Daraslevie* 

Professor  R,  U Biipiinrhoff 

Cspt.  of  Givii  Engineering 

HesssoHugatts  Institute  of  faefcRaloay 

Coluabia  University 

c»pt-.  or  Aer«stutier«l  Engirsawring 

638  'ttft  lajth  StfMt 

Abridge  Vi,  PktMehawtt-i 

(1) 

Sew  York  27,  Saw  York 

(1! 

EFfTEterHi  Blaioh 

2r.  5,  B,  OEft?*Bvtbd 

of  Slvil  Sngirwarlnf 

Smuttlaar  folytashnic  Jnttittrt* 

ColuabU  University 

fnay,  Saw  York 

(1) 

Saw  York  27,  Raw  S’o?4c 

(1) 

Professor  T.  J,  Dolan 

Prsfsi&er  J,  A.  B®grf*n«rf 

Dept,  etf  Theoretical  and  Appliwd 

furtua  University 

Hreh*nioi 

Lafayette,  Indian* 

(1) 

University  or  Illinois 

Urbane,  Illinois 

(1) 

Professor  B,  A.  Bolry 

Dept,  of  Givtl  Engineering 

Professor  Lloyd  Donnell 

Colusbls  University 

Dept,  of  Meehir.Ici 

Sew  York  27,  Hew  York 

(1) 

Illinois  Institute  of  Technology 

Tsohnolo^  Center 

Professor  P,  W,  Rrldgasam 

aieigo  16,  Illinois 

(l) 

Dept,  of  Physios 

Harvard  Univereity 

Professor  D,  C.  Cracker 

Caabrlige,  Miiaaohusctts 

(1) 

Broun  University 

Providence,  Sicde  Island 

(l) 

Professor  D,  M,  Eiumlster 

Dept,  of  Civil  Engineering 

Dr,  W,  Eckert 

Coluabia  University 

-»t son  Scientific  Ccaputing  Laboratory 

Nsw  York  27,  New  York 

(1) 

612  siert  116th  Street 

New  York  27,  New  York 

(l) 

Dr.  7,  Cadanb? 

Assistant  Director  of  the  Rational 

Dr.  H.  Skstein 

Physical  Laboratory  of  India 

Amour  Research  Foundation 

New  Delhi  12,  India 

(1) 

Illinois  Institute  of  Technolog;.' 

Chicago  16,  Illinois 

(l) 
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Contractors  and  ; th.gr  Investigator;  Actively  Engaged  In  Related  j^^ar&k  _(acr»t.  ; 


Engineering  Library 
Col'irhia  University 

Ne.1  York  37,  New  York  (1) 

Professor  E.  L.  Eriksen 

University  of  Miohiran 

Ann  Arbor,  Michigan  (1) 

Professor  A.  C,  Eringen 
Illinois  Institute  of  Technology 
Technology  Center 

Chioogo  16,  Illinois  (1) 

Dr,  W,  L.  Eswijer 
Teahnissfce  Hoogesahool 
Hisv*  t/rac  76 

Delft,  HaUa/sd  (1) 

Professor  A,  M,  Frrjdtnthtl 
Dept,  of  Civil  Engineering 
SsluM&ia  University 

Rev  left  27,  Rev  Icffk  (1) 

Pm  ft  tier  S,  Fried 
Wasbingtae  State  Bolls g« 

Ptiil'spnJt  Washington  tfc) 

hrofsa^of  t.  0.  IVi#Srishf 
>wv  York  University 
tfsebingtoa  SitaFS 

TrAV  York,  Pev  *o?k  (1) 

rroftisor  H,  K,  Frwhfc 
Illinois  iDstitut#  Of  feahrralogr 
TauhRology  Oentar 

Shisago  16,  EUintrts  (1) 

Professor  J,  tf.  Oarrelts 
Dept,  of  Civil  Engineering 
Coi.ahU  University 

Kew  York  27,  Mtrv  York  (D 

Dean  J.  A.  Goff 
University  o*  Pennsylvania 
Philadelphia , Pennsylvania  (1) 

Mr.  Martin  Golard 

Midwest  Research  Institute 

4049  Pennsylvania  Avenue 

Kansas  City  2,  Missouri  (1) 

Jr,  J.  N.  Goodier 

Dept,  of  Mechanical  Engineering 

Stanford  University 

Stanford , California 


Dr.  L.  E.  Goodran 
Dept,  of  Civil  Engineering 
'University  of  Illinois 
Uliana,  Illinois 


(1: 


Dr.  ft.  J.  Hansen 

Massachusetts  Institute  of  Technology 
Dept,  of  Civil  & Sanitary  Engineering 
Cartridge  19,  Massachusetts  (1) 


Professor  R.  M,  Hemes 
University  ef  an  it  Clara 
Santa  Clara,  California 

Professor  G,  Herraann 
Dept,  of  Civil  Engineering 
Coluabta  University 
Rev  York  27,  Raw  °afk 

Professor  K,  Retrfrgl 
Sevthvesttrn  Caivsrtity 
Tfct  Tethnelcrfis&l  Institute 
Bvwietsn,  tllirroii 

RPoftsraf  T.  J,  Riggins 
Bret,"  "of  Slestrltrii  2ogifi«sriPg 
iMvmity  ef  tfirstsitin 
Bidiren  6,  Stssrttio 

PrvKt  J.  Hs^tf  |«d 
Dept,  ef  Atvei«ntt§5il  Bnglntsring 
& Applied  f-feRhstildt 
rolyttchnio  Institatf  ef  Srseklya 

m livings  ton,  *ww$ 

cfoeklyn  2 , Rev  1 ©rk 

Frefeissr  H,  B,  fl^pn 
Univtmty  ef  tft*h 
Sslt  U>.;  City,  Utah 

Professor  D.  U Roll 
love  State  College 
Aas  s , 1 ova 

Dr,  J.  H,  Rollstor. 

General  Electric  Research  Labs, 

1 River  Road 
Schenectady,  Hew  York 

Dr.  w.  H.  Hoppram 
Dept,  of  Applied  Mechanics 
John  Hopkins  University 
Ealtinore,  Maryland 


(1) 


(1) 


d) 


a 


a 


(i) 


(i) 


a) 
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’3  and 


ited  Pne 


Institut  dc  Mathenatique's 

University 

post,  fah  55 

Skopje,  Yugoslavia  (3 

Professor  L.  3.  Jacobsen 

Dept,  of  Mechanical  Engineering 

Stanford  University 

Stanford,  California  0 

Professor  Bwoe  G,  Johnston 

University  of  Michigan 

Ann  Arbor , Michigan  (3 

Professor  K.  Gotten 

Stanford  University 

Stanford , California  (3 

Professor  W,  J.  Krai's  Id 

Best,  of  Civil  Engineering 

Cnlurids  University 

Ptv  York  27 , !f*v  York  (3 

frefeissr  H,  J.  Uaaa 
Btpt,  of  Materiel*  Engineering 
PfTivrrsity  of  mmeicta 
KifiReepoli*,  Him#  sets  (3 

Dr.  S,  B.  La# 

friviiion  of  Applied  Hatheertioe 
tcrevTi  IJniwtity 

frevidesee,  Riode  Island  (3 

Professor  Georg#  Ue 
Rmsisleer  Polytechnic  Institut# 

Trey,  Bev  York  (1 

Professor  J.  H,  Uittlli 

Masse eh u«#tts  Institut#  of  Technology 

Cambridge  1 9 » Haiwchusette  (1 

Library,  Engineering  Foundation 

29  Weit  19th  Street 

Hev  York,  Haw'  York  (3 

Professor  Paul  Lieber 
Dept,  of  Engineering 
Rensrelaer  Polytechnic  Institute 
Troy,  (lew  York  (3 

Dr.  Hsu  Lo 
Pirdue  University 

Lafayette,  Indiana  ',1 


Professor  C.  T.  G,  Looney 
Dept,  of  Civil  dnaineering 
Yale  University 
Sev  Haven,  Connecticut 

Dr.  J.  L.  lubkin 
Midwest  Research  Institute 
4049  Pennsylvania  Avenue 
Kansas  City  2,  Missouri 

Professor  J,  F,  Ludloff 
School  of  Aeronautics 
Hew  York  University 
New  York  }3 , B»v  York 

Professor  J.  !i.  Macduff 
Rensselaer  Polytechnic  Institute 
Troy,  Rev  York 

Professor  0,  W,  HaeOregur 
Uni  varsity  of  Perm  ay  1 vania 
Philadelphia , Feratylvania 

Prcfestbr  levmcet  R,  Helvera 
Dept,  of  Hi^JtnatiM 
Gtmrgit  Imtitnt#  pf  TeahrroUgy 
Plttstwr-gh  13 , PeRRiylvara  1 

Dr.  J,  R,  Merchant 
a*ovn  University 
Providence,  Rhode  Island 

Professor  J.  Karin 
Prcneylvaria  State  Sell eg* 

State  College,  Mrnneylvsni* 

Dr,  w,  P,  Mason 

Bell  Telephone  Laboratories 

Limi-ay  Hill,  Sev  Jersey 

Professor  R,  D.  Hindlin 
Dept,  of  Civil  Engineering 
Geluabia  University 
632  West  125th  Street 
Hew  York  27,  Hew  York 

Dr,  A.  Hadai 

136  Cherry  Valley  Road 

Pittsburgh  21,  Pennsylvania 

Professor  Paul  H.  Naghdi 
Dspt.  of  Engineering  Mechanics 
University  of  Michigan 
Ann  .Arbor,  Michigan 


Contractors  arJ  Dther  Investigators  Act 

Professor  N . Levnark 
Dept,  of  Civil  engineering 
University  of  Illinois 
Urbans,  Illinois  (1) 

Professor  Jssse  Orsondroyd 

University  of  Michigan 

Ann  Arbor,  Michigan  (1) 

Dr.  W.  Csgocd 

Illinois  Institute  of  Technology 
Technology  Center 

Chicago  16,  Illinois  (1) 

Dr.  George  B.  PagrtL* 

Coaltte#  sb  Government  Aided  Research 
Hi  Lew  Memorial  Library 
Colusbii  University 

Rew  York  27,  Ff*v  York  (1) 

Dr,  Kt  P,  Petersffl 

Direotor,  Applies!  Fhyeici  Division 

Sarsdia  Ltbrn-miory 

Albti'fuer^oe , ffcrv  J-texioo  (1) 

Mr.  R,  £,  Prfc*?ir<5R 

Weatisghsair*  R****reh  Laboratories 

East  PlttsKirgh , PrRHgylvinia  (1) 


’-Encaged _jn  Related.  Research,  (cent  _ 
Dr.  3,  haynot 

Armour  Fesearcfc  Foundation 
Illinois  Institute  of  Technology 
Chicago  16,  Illinois  (1) 

Professor  E,  Peissner 
Dept,  of  Mathematics 
Massachusetts  Institute  of  Technology 
Caabriuge  19,  Massachusetts  (1) 

Professor  H.  Relssner 

Polytechnic  Institute  of  Brooklyn 

99  Livingston  Street 

Brook I70  2,  Kew  York  (1) 

Dr,  Kenneth  Rabinser, 

Rational  Bureau  of  Standards 
Washington,  D.5.  (1) 

Profs  star  H.  A,  SaBavsky 
HXIntds  Institute  of  Technology 
Ttdhraelsiy ' Cenntif? 

ailwgo  loj  niinniB  (l) 

Prof  e s sot  erl 

Lett,  of  $1711  e?.gir*rrine 
Ceiusitda  tJnivanity 

Rev  York  27,  Rev  York  (1) 


Dr.  A,  Phiilips 
Ssheei  ef  nee  ring 
Stanford  University 

Stanford,  California  (1) 

Professor  Oeraid  Pioiertt 

Dept,  of  Heehaniai 

University  of  Wiioanein 

Madison  6,  Wisconsin  (1) 

Dr,  H,  Forltiicy 

General  Electric  Rs3earaL  Labs, 
Schenectady,  New  York  (1) 

Dr.  W,  Preger 

Graduate  Division  of  Applied  Mathematics 
Brown  University 

Providence,  Rhode  IsLard  (1) 

HARD  Corporation 

1500  4th;  Street 

Santa  Monies.,  California 

Attn t Dr.  j.  L.  Judd  (1) 


CSr • F,  S,  Stay 

fplyteehrtig  Institute  of  Brooklyn 

99  Ldvingtttso  2 treat 

Brooklyn  2,  Raw  York  (1) 

Dr,  Daniel  T,  Sisley 

Applied  Jfrysici  laboratory 

John  Repiir*  University 

3621  Georgia  Avenue 

Silver  Spring,  Maryland  (1) 

Dr,  C,  B,  aaith 

Department  of  Mathematics 

Walker  Kali 

University  of  Florida 

Gainesville,  Florida  (1) 

Professor  c.  R,  Doderberg 
.Massachusetts  Institute  of  Technology 
Cartridge  19,  Massachusetts  (1) 

Professor  R.  V.  Southwell 
Imperial  College  of  Science  and 
Technology 
South  Kensington 

London  S.W,  7,  England  (1) 
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£ent.r^otqra  and  ■InTBgUcat.yra.Aait.saly  .gnBacari  Hi  jj>U Wl  _Fja&^r-^h  ) 


TToiessor  E,  Stemterg 
Illinois  Institute  of  Technology 
ieohnology  Center 
Ciioago  16,  Illinois 


Professor  J,  j.  stoker 
New  fork  l-niveraity 
•asbingtan  Square 
New  York,  New  York 

(1) 

■Hr.  fi,  A.  Sykei 
Bell  Telephone  Utorutertea 
Hill,  ftrv  Jsrrey 

(1) 

Professor  P.  8,  fiyssfidi 
S*trvn  University 
Provide^ae,  Rhode  Island 

(1) 

Prefer  err  J.  L.  Synge 
i^iHUn  Institute  for  /Wtanead 

Studies 

fweol  of  Theoretical  Ftytiea 
^^65  Ht Prior  fetters 
ftihliflt  JrflitM 

(i) 

Fnsftns?  F.  S,  fiisksKB 

ef  AtrrtttrtisiX  Ensimris* 
Hev  fertt  Dhiv.rpfitv 

Fftivtrmy  Sr*,* 

D*y  feriti  R«-W  Ysrk 

(15 

Praftiiar  a,  p,  Ttsothtrio 
3ohgE3l  of  Engmearing 
Stanford  University 
BUnfo-^}  ealiforria 

(1) 

Pr«  Gi  A.  TroesdtU 
Qniluata  Institute  for  Applied 

Hath  esa  tie 

Indian*  Uni  vanity 
Biaowlngt-m , Indiana 

(1) 

Professor  Sari  »,  Van  Dyke 
Apartment  of  Fhyeiei 
fjsott  Laboratory 
Wesleyan  University 
Middletown,  Connecticut 

(1) 

Cr.  I,  Vigr.es s 
Naval  Research  Lnbomtory 
Anasostia  Station 
Washington,  D.O. 

(1) 

Dr,  Leonardo  Villena 
Drar.  Via  J,  Antonio  6 
Madrid,  dpein 

(15 

FVefeeaep  *-<  VoltifTi 

f®lyt#ahnt9  Institute 
Trey,  Sew  'i*&  (1) 

HP.  A.  H|  ‘fchl 

fAsitlftgbcit**  fiertmrsh  Latewsterlei 
Si  at  mw^urgh,  r%nn^i7*JiU  (1) 


IV-ofM-M?  ?»  ia£| 

Dept.  ®f  BBgietfrtftg 

B*y  Isrfr  tfrivarsiV 

feviT^wd^/  Bsi/jht§»  Brsss 

tev  fertt  feFS  fl) 

Bf.  R,  U fel*S*l 

5fS  fi 

tetebUi » Pw  fte*  (1) 

pnjrfss&s?  g>  8i  ttfi&ti 
$4?mi  v ef  &5i©^e 
tediinft  (1) 

e?.  Utnw^iP 

tefttferii  af  Asp$l*3  Vfctbssatiei 
&&M&  PWft?  &5 

tfeSS  ?STTK£ 

SO*  BBlTafBlty 

Ifsrw  Kftwi*  Sefistotitttt  ft) 
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